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keletal muscle mass, which is mostly located in the lower body, constitutes approximately 40% of fat-free body mass in young adults 1 but decreases with advancing age, especially after the fifth decade of life. 2 These age-related changes lead to a decline of strength and power, a decrease in physical performance, and disability. 3 Because the population of elderly people is growing in most countries, including Japan, the agerelated loss of skeletal muscle mass is likely to have a severe economic impact on the healthcare system.
Age-related loss of skeletal muscle mass (Sarcopenia) has been studied extensively by evaluating muscle volume, muscle cross-sectional area (CSA), and anatomical muscle thickness (MTH). 4 Recently, Abe and colleagues demonstrated that age is associated with site-specific loss of skeletal muscle mass in Japanese men and women 5, 6 and in German men 7 . Interestingly, in the anterior and posterior regions of the thigh, age-related muscle loss was observed in the quadriceps but not in the hamstrings and adductors. 8 The etiology of sitespecific sarcopenia is multifactorial and complex. Several factors have been implicated such as declining anabolic hormone concentrations, nutritional deficiencies, chronic inflammation, and insulin resistance. 5, 7 Decreased physical activity levels that occur with aging also contribute to sarcopenia. It is well established that hormonal receptors for mRNA and transcriptional activity are increased 8 and that there is reduced insulin resistance 9 in exercising muscles following an acute bout of exercise for sedentary individuals. There are therefore many important interrelationships between physical activity levels and other etiologic factors associated with health and aging that may contribute in varying degrees to the age-related loss of skeletal muscle mass in older populations. More recently, we examined the effect of habitual physical activity on age-related loss of skeletal muscle and found that there is site-specific loss in both active (more than once a week) and inactive old women. 10 In that study, the subjects were classified into active and inactive groups based on their self-reported habitual physical activity. The effect of exercise intensity and duration of daily physical activities on site-specific loss of thigh muscle is unknown. However, muscle mass and strength losses associated with increasing age can be attenuated by high-intensity resistance training. 11 Therefore, we hypothesized that the site-specific loss of skeletal muscle mass is probably associated with the decline in exercise intensity of daily physical activities that occurs with increasing age. The purpose of the present study was to investigate the relationship between intensity and duration of daily physical activities and age-related thigh muscle loss in Japanese women.
Methods
Fifty-one middle-aged and old (aged 52-83 years) women were recruited through printed advertisement and by word of mouth. Before informed consent was obtained, a written description of the purpose and safety of the study was distributed to potential subjects, along with a lifestyle questionnaire. All subjects were free of overt chronic disease (eg, diabetes, angina, myocardial infarction, arthritic disorder, cancer, stroke, etc) as assessed by self-report. The study was conducted according to the Declaration of Helsinki and was approved by the Ethics Committee for Human Experiments of the Toyo Gakuien University, Japan.
Thigh muscle thickness was measured using B-mode ultrasound (Aloka SSD-2000, Tokyo, Japan) at 2 anatomic sites on the medial anterior (quadriceps [QF] 50% of thigh length) and medial posterior (hamstrings [HM] 50% of thigh length) aspects of the thigh. 12 The measurements were taken while the subjects stood with their knees extended and relaxed. A 5-MHz scanning head was placed on the measurement site without depressing the dermal surface. The subcutaneous adipose tissue-muscle interface and muscle-bone interface were identified from the ultrasonic image, and the distance between the 2 interfaces was recorded as muscle thickness (MTH). Previous studies have reported that MTH is strongly correlated with anatomical muscle cross-sectional area. 13 MTH was expressed in terms relative to thigh length (MTH/L). Subcutaneous fat thickness was also measured using ultrasound at 6 sites, as described previously. 12 Percent body fat was estimated from subcutaneous fat thickness using an ultrasound-derived prediction equation, 12 and fat-free mass (FFM) was calculated. Body mass and standing height were measured to the nearest 0.1 kg and 0.1 cm, respectively, by using a height scale and an electronic weight scale. Body mass index (BMI) was defined as body mass (kg)/height 2 (m 2 ).
Daytime physical activity was measured on 30 consecutive days after orientation, during which participants were familiarized with the use of an accelerometer (Lifecorder-EX, Suzuken Co. Ltd., Nagoya, Japan). Participants were shown how to attach the accelerometer on an elastic belt over their left or right hip and were instructed to record their daily physical activity for 30 consecutive days, beginning on the following day. If the participants did not use the accelerometer for a couple of days during the testing period, they were requested to record their activity for additional days. The accelerometer measures acceleration along the longitudinal axis every 4 second with an internal piezoelectric accelerometer and classifies the intensity into 10 activity levels from 0 to 9 based on the accelerometer signal. Level 0 (corresponding to <0.06 G) denotes immobility, and levels 1 to 9 (corresponding to ≥0.06 G) denote subtle to vigorous movements. After the measurements were taken, the recorded activity level data were downloaded to a personal computer. In this study, exercise intensity was categorized into 1 of 3 activity levels based on the accelerometer signal: light (levels 1-3, <3 METs), moderate (Levels 4-6, 3-6 METs) and vigorous (levels 7-9, >6 METs).
14 The total duration of each level of exercise intensity was calculated. Physical activityrelated energy expenditure and average daily step count were also determined using the accelerometer. 14 Results are expressed as means and standard deviation for all variables. Linear regression analysis was used to assess the relationships between age and the quadriceps [QF] and hamstrings [HM] MTH as well as the QF:HM MTH ratio. In this study, we used the QF:HM MTH ratio for an index of age-related, site-specific loss of thigh muscle. Thus, simple and multiple linear regression analyses were performed on the QF:HM MTH ratio, habitual physical activity (total duration of 3 activity levels, physical activity-related energy expenditure, and average daily step count), and age.
Results
On average, age, standing height, body mass, percent fat, and FFM were 66 (7) years, 1.53 (0.05) m, 52.4 (5.4) kg, 26.6 (5.1) %, and 38.3 (2.9) kg, respectively. The average BMI value of our subjects was 22.4 (2.5) kg/m 2 , which was quite similar to that in the National Report in Japan (22.5 kg/m 2 for women aged 60-69 years and 22.1 kg/m 2 for women aged ≥70 years). The rate of regular sports activity, including walking (at least once a week), among the subjects was 78%. The main types of sports activity were walking (45%), tennis/table tennis (20%), and yoga/tai chi (18%).
The mean QF-50% and HM-50% MTH/L were 1.13 (0.14) and 1.50 (0.17) mm/cm, respectively, and the QF:HM MTH Ogawa et al. Site-specific sarcopenia and physical activity 7 Table 1) . The relationship between the QF:HM 50% MTH ratio and vigorous physical activity was unchanged (P=.037) after taking into account the possible effect of age.
Discussion
In the present study, the size of the quadriceps (QF) muscle, but not of the posterior (HM) muscle, was inversely correlated with age, and the QF:HM ratio was also inversely correlated with age. These results coincided with those of previous studies [7] [8] [9] [10] and suggest that site-specific muscle loss of the thigh was observed in the present sample. Furthermore, the QF:HM ratio was positively associated with the duration of vigorous exercise during daytime physical activities. Our results suggest that a decrease in vigorous physical activity (>6 METs) is associated with age-related, site-specific loss of thigh muscle.
Starling et al 15 reported no significant correlation between dual X-ray absorptiometry (DXA)-measured appendicular skeletal muscle mass and 9 days of uniaxial accelerometerdetermined physical activity, since age-related loss of appendicular skeletal muscle mass was observed. When estimating the yearly based physical activity of the elderly, >30 consecutive observation days are required to achieve >90% reliability. 16 Park et al 17 reported that there were no significant correlations between DXA-measured leg muscle mass and year-averaged daily step count or duration of moderate intensity physical activity (>3 METs) in women, although there is a significant correlation between leg muscle mass and duration of moderate physical activity (>3 METs) in men. In the present study, we measured 30 consecutive days of physical activity in middle-aged and old women, with daily step count and duration of moderate physical activity having no significant correlation with thigh muscle size (MTH/L) or the QF:HM ratio. Duration of vigorous physical activity tended to be correlated with the QF-50% MTH/L (P=.06, Table 1 ) and was significantly correlated with the QF:HM MTH ratio. Interestingly, a recent study observed positive associations between vigorous physical activity and lower body muscular strength tests in adolescents. 18 The adolescents who were involved in resistance training had significantly higher muscular strength scores than youth in low and medium tertiles of physical activity, but no significant differences were found when they were compared with nonlifters from the highest tertile of physical activity. 19 The results of the present study and the previous studies together suggest that duration of vigorous physical activity is an important predictor of, and may be strongly associated with, age-related, site-specific loss of thigh muscle.
In the present study, only 2 subjects reported performing regular resistance training. One of them had a relatively high duration of vigorous physical activity (4.4 min), but the other had very short duration of vigorous activity (0.2 min). The main types of sports/physical activity in this study were walking (45%) and tennis/table tennis (20%). Since muscle mass and strength losses associated with advancing age can be attenuated by high-intensity resistance training, 11 other types of sports/physical activity, such as brisk walking or tennis/table tennis, may have provided sufficient muscular exercise to prevent the loss of quadriceps muscle mass. In addition, the duration of vigorous physical activity (>6 METs) in the Japanese women (2 min/day) in our study was similar to that reported in Canadian women (3 min/day for women aged 40-59 years and 1 min/day for women aged 60-79 years), 20 but both middle-aged and old women had a shorter duration compared with female adolescents (13.8 min/day). 18 Therefore, even a small amount of regular vigorous physical activity may be associated with less age-related quadriceps muscle loss, although it is not clear how much vigorous physical activity is 
Conclusion
Our results indicate that age-related, site-specific loss of thigh muscle is associated with the amount of vigorous physical activity in middle-aged and old Japanese women.
